OASIS finds multiple-copy IS elements in each genome by identifying conserved regions surrounding transposase genes. First, groups of already-annotated transposase genes that could compose multiple copies of an IS were identified by length and sequence similarity. Those that fit a high similarity threshold were assumed to be in the same group.
We assumed that upstream and downstream regions each consist of a contiguous conserved region (within the IS) and an unconserved region (outside the IS). For computational efficiency, it was assumed that there were no gap mutations in the conserved region. Consider the set of upstream or downstream n-windows, in a group that contains m transposases. Let k be the length of the conserved region-the length which the IS element extends past the transposase on this side.
The first k characters of the sequences each come from multinomial distributions that are identical across the m sequences and are biased heavily towards a single nucleotide (the true sequence of the IS element). Let c j be the consensus nucleotide for the jth character of the true sequence, and let x i,j represent the jth character of the ith sequence.
where p cj represents the distribution of a conserved nucleotide with consensus value c j , and p b represents a background distribution vector (the distribution of nucleotides in unconserved regions). p c can be any of 4 vectors that are biased towards a consensus nucleotide, with some probability of error. Let c, ε be adjustable parameters specifying the probability of a consensus match or an error in a conserved region.
The value of k is then found that maximizes the likelihood of the set of sequences. The likelihood is found by a dynamic programming algorithm as follows. For each nucleotide N ∈ {A, G, C, T }, let N i be the count of nucleotides N in x 1...m,i . Also let M i be the count of the most common nucleotide (the MLE estimate of the consensus nucleotide in a conserved region). The log-likelihood function is then
OASIS computes this through a dynamic programming algorithm. The putative edge of the IS element is then marked as nucleotides from the edge of the transposase. This process is repeated for the windows upstream and downstream of the repeated transposase, for each group of transposases in the genome.
In some cases a small percentage of the ISs in a group are shorter than the rest (particularly partial elements such as those created by subsequent genome rearrangements). Thus, each transposase 1 to m has its window individually shortened to all possible lengths 1 to n while keeping the rest of the windows at the same length. The above calculation of likelihood is repeated under this assumption, and any changes that are found to improve the likelihood are performed. Since the number of shortened ISs is almost always a small fraction of the group, this tends to find the same solution as an exhaustive search of all n m window lengths, and does so much more efficiently.
Once the edge of conservation has been found, the edges were then checked for inverted repeats using a Smith-Waterman alignment between the regions surrounding either edge of an IS element. If inverted repeats are found that disagree with the putative edges, the edges are adjusted to a limited extent.
Single-copy IS elements were found separately by finding transposases that were not placed in multiple-copy groups, and checking for inverted repeats in the surrounding regions. A Smith-Waterman alignment of the upstream and reverse-complement of the downstream regions was used to recognize significant inverted repeats and thus possible edges, a method first developed by IScan.
Once groups of IS elements were identified, a sample IS element from the set is selected, and blastn (NCBI) was used against the genome sequence to identify missing and partial copies of the IS element.
The family and group of each IS element is identified using blastp on the identified IS element ORFs against the ISFinder database, and classifying based on the family and group of the best match.
